Preliminary results of three X-ray surveys are presented. Out of a sample of 20 stars, X-rays were detected from four Wolf-Rayet stars and two 08f + stars. The detected stars have about the same mean value as 0 stars for the X-ray to total luminosity ratio, L /L = 10"^, but exhibit a much larger variation about the mean. The spectral energy distributions are also found to be like that of 0 stars in that they do not exhibit large attenuation of X-rays softer than 1 keV. This indi cates that for both the 0 stars and WR stars much of the X-ray emission is coming from hot wisps or shocks in the outer regions of the winds and not from a thin source at the base of the wind. The general spectral shape and flux level place severe restrictions on models that attribute the lack of hydrogen emission lines to extremely high temperatures of the gas in the wind.
INTRODUCTION
Because this is the only paper on an X-ray survey of Wolf-Rayet stars scheduled for this conference, we have received permission from Richard White and Knox Long of Columbia University and Frederick Seward and Tomasz Chlebowski of the Harvard-Smithsonian Center for Astrophysics to discuss their preliminary findings in addition to our own observations. Consequently, we have the following results to discuss: l)0ur own observations were of eleven stars of the following two categories a) six WN7 and transition Of-WR stars including two 08f + stars; b) five high excitation WR stars which show 0 VI emission lines in their optical spectra (at X3811, X3830).
2)White and Long have observed seven WR stars including several of the nearest and brightest.
3)Seward and Chlebowski observed three WN7 stars in the Carina OB I association. 
OBSERVATIONS
All of the observations were made with the instruments on the Einstein Observatory ). The count rates and fluxes listed in Table 1 are from observations made with the Imaging Propor tional Counter (IPC), which is sensitive to X-rays having energies between 0.2 and 4 keV and which has a spatial resolution of approximately1.5 keV). Seward and Chlebowski have also observed the strong source HD 93162 with the High Resolution Imager (HRI). This instrument has a spatial resolution of approximately 3 arcsecs, but yields no spectral information.
It is useful to discuss the small number of WR detections in comparison with the more numerous 0 star detections (Seward et al. 1979; Long and White 1980; Cassinelli et al. 1981; Seward and Chlebowski 1981; Pallavicini et al. 1981 ).
The X-ray luminosity of early-type stars is proportional to the total luminosity. Long and White (1980) , Seward and Chlebowski (1981) , Pallavicini et al. (1981), and Cassinelli et al. (1981) have found that L /L is approximately 10 , to within a factor of 2, over the spectral range 03 to B5. Wolf-Rayet stars appear ,._ i -x IT -r _i_-^ -i^ k ut t h ere i s a i ar ger spread in this ratio This is shown most directly in Figure The WN7 star HD 93162 has an L /L = 2.2xl0~ . This is a factor of 30 higher than the two other WN7 stars in the nebula. The 0 stars are seen to have a much smaller spread in L /L about the mean of 2x10
There is no obvious reason why HD 93162 should have such a large relative X-ray luminosity. Spectroscopic studies indicate that the star is probably a single (Moffat and Seggewiss 1978) , and therefore it is unlikely that a compact companion is the source of X-rays. cm. This is much smaller than a wind-produced bubble that might be expected around a star with a strong wind. As is the case with 0 stars, we can con clude that the X-ray source is intrinsic to the star.
Seward and Chlebowski point 'out that the star shows weak WR emission features in the optical (Moffat and Segewiss 1979). They suggest that since WN7 stars are thought to be transition Of to WR stars that perhaps there is a maximum in the X-ray flux associated with the transition from an 03f like 93129 to a strong line WN7 like 93131. However the correlation of strong X-ray flux with weak optical emission lines might just mean that the X-rays are less atten uated by a smaller amount of wind material above the X-ray source region.
2.) The Spectral Energy Distribution. All three groups of observers find that, for those WR stars with count rates large enough to yield meaningful pulse height information, the spectra are like those of the 0 stars and OB supergiants shown and analyzed by Long and White (1980) and Cassinelli et al. (1981) . The pulse height distributions do not show the strong depletion of X-rays less energetic than 1 keV that would be expected from a model with a slab thermal source at the base of a stellar wind (Cassinelli and Olson 1979). Seward and Chlebowski (1981) indicate that the IPC spectra of both the 0 stars and the WR star HD 93162 in the Carina nebula can be fit with a thermal source model, characterized by a source temperature, T ~10 K, and an attenuating column density, N , of a few times 10
White and Long inform us that the IPC spectra of HD 50896 and 0 Mus are similar to t^at of £ Pup 9 04f 1? «Their_thermal source fits to the data give T ~10 * ~ and N" ~10 " cm . As they found for C Pup (Long and White 1980), they concluded that the X-ray source is not confined to a slab at the base of the wind, but is located out in the wind, perhaps in shocks as discussed by Lucy and White (1980) . Their spectrum of y 2 Vel is noticeably harder, T>10 K, and they are consider ing the possibility that some of the hard X-rays are produced by collid ing winds in the binary system. Ratios. Smith (1973) argued that hydrogen is underabundant in many WR stars including the WN5 star HD 50896, for which there is now an X-ray de tection. Smith showed that the hydrogen Balmer recombination emission lines contribute negligibly to the emission seen in the alternate lines of the He II Pickering series. She concluded that hydrogen is essentially absent in HD 50896. Sahade (1980) has suggested an alternative explanation; one that we will call here the "heated wind" model. In this model the hydro gen has a normal abundance but the recombination lines are weak because of high temperatures in the wind. Consider, for example, the H3 line in HD 50896. (We choose H6 because the atomic data is conveniently tabulated by Osterbrock (1974) and the strengths of higher Balmer lines are given relative 0 to H3.) The line contributes an equivalent width of no more than 2 A to the A4860 emission of the n = 8 to 4 transition of He II. Let EM be the emission measure (n V) of the warm wind w e and let T be the wind temperature. Then the equivalent width is
3.) Constraints on Wind Temperatures and H/He Abundance
where L^ (-4x10 ergs cm s A ) is the continuum luminosity at ~A4860. The essential point of the heated wind model is that as T increases, the Balmer line equivalent widths decrease. For WR stars the mass loss rates are very large (~2xl0""~) M yr" -1 ) so the wind emission measures are also very large. Using the stellar data for HD 50896 of Rumpl (1980) , we estimate from equation (19) of Cassinelli and Olson (1979) that the emission measure of the heated wind is EM -10 cm" . From equation (1) we can then derive that the wind temperature must be >10"* K. At these temperatures and this EM , a heated wind will emit a very large flux of X-rays.
To quantify the X-ray flux, we have used the data of Long and White (1980) for £ Pup and of Cassinelli et al. (1981) for e Ori (BOIa) to derive, as a function of assumed source temperature, the emis sion measure required to produce one IPC count per second by a star at 1 kpc. The results shown in Figure 2a are best fits to the pulse , height distributions of the two stars. Thus a temperature of 10 K , and EM = 10 61 cm" 3 would yield an IPC count rate for HD 50896 of 2x10 s --*--far greater than the observed 0.075 s . Conversely, we may use EM and the observed count rate to estimate an upper limit to the temperature of a heated wind. From Figure 2a , if the pulse height distribution of HD 50896 resembles that of e Ori, the temperature is T <2xl0^ K. This temperature is far below what is needed for the heated wind model to explain the low H/He emission ratio. Figure 2b summarizes the constraints discussed here on HD 50896. Figure 2b indicates that HD 50896 probably does not have a heated wind and therefore the low H/He emission ratio is due to low hydrogen abundance. We see that X-ray observations of Wolf-Rayet stars provide useful constraints on this and related models.
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